Rec'd PCT/FTQ 26 APR 2005 



\ 




PCT/CN03/00867 



ffi 



REC'D 2 6 NOV 2003 



WlPO 



PCT 



$ W 0 : 2002 11 01 
$ flf 02 1 44519.2 




SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



PRIORITY 
DOCUMENT 




2003 ^ 11 M 10 H 



BEST AVAILABLE COPY 



« *J S # 45 



JRfc#Ett*fttf £:£RlBS^T, #*^Jitt#&JiUL^**al 80nm, 

100-500 nm; ^^p^'ft Jl: 8.93+0.03 g/cm 3 , 

99.997+0.02 at%, & % i&&-#T##&* A 6xl0" 3 /s, #$fflUI£"^3fc 
700±10MPa, 1.8±0.5°/o. 

14JK: 8.93+0.03 g/cm 3 , 99.997±0.02 at%, &S$&&#T#: 

6xl0- 3 /s, ^JM^hT^ 700±10MPa, 4^ 1.8+0.5%. 

flfc*H B B&Xi"7& 300-5000 nm. 

*Jtffe#^fc*J4-&#:, 4**aW*-f-ttiL«tt4H CuS0 4 ^ 
*, ApR*ttA*f-*^**il!itt&ft#4l*. PH^ 0.5-1.5, PSfe^. 

<fe^X^##:: JM 1 40-100A/cm 2 , ^MOJM^&'M*; -f 

itN-fS] (U) 3j 0.01-0.05S, ^fflN-RI (W) % l~3s, W^PB^&JE^ 
50~150mm, WfcBBftiBft fcbj& 3M0: 1. &#Mfc7&&37 15~30°C; kMfc 

0.02-0.2ml/l 5~25%& / &#J ^JBMt&ifc, 0.2-1.0 ml/1 5-25% 
ifc^i^NaCl*^. 



m m 



fex, ftx, 4fcx, ft*. it^^#.^^#XNik^n^HT^' 

ttttteft. ^iH^«P-#^i#^h^^7D* (*PA1, Fe, Ni, Sn, 
Cd, Zn, Ag, Sb#) &ftfc#3&&*D#&. feA. *£S^7D*tt;bP,M£ 

Xt«Sfc£**Pilftaa#**!|; Cd, Zn, Sn, Pb + Jft#jft. 



*#w#*l-+*#ft*iB*##rt#*^*^##*— A«t*tt^» ( *p 

Hall-Petch £j£ (cr = a 0 +)W- ,/z ) ttffi&#Sft^#7ABMf A 

mPim.Q&miM^fr^fi&ft^tym&G. ok n-"^^ 2.65Gp a , 

& 273KEtf^ l.lGPa, &JttAlft, £*ifc##5l& ( W ) % 

% 0.9-1.0 GPa, ro#M***fc***»T*#WJBJIL»iJt(o y )^ 0.035 
GPa, 3fc*bbgifc**fcte**& Cu + 60%. 

*MpX*« (^£,&) J£Cu#JM*9Ufc*Jff*il(i. G y ^ 250GPa, 
^Ifc^W J£#*^*8%. Cu #ft^lll55iI^ttr B f Cu * 

7 (w) ^^#^m^^#5g 0 



& J. R. Weertman 4$ M Xtik 1 : Sanders, P. G., Eastman, J. A. & Weertman, 
J.R. , Elastic and tensile behavior of nanocrystalline copper and palladium, Acta 
Mater. 45, 4019-4025 ( 1997 )) fl/fO ft & & fe/H" 

30nm £*j&##fth #JgJEa£*Ti£ 365MPa. R. 

Suryanarayana xM. 2: Suryanarayana, R. et al., Mechanical properties 

of nanocrystalline copper produced by solution-phase synthesis, J. Mater. Res. 
11, 439-448 ( 1996)) 3ffl*MFftlM«-ttttJMN&, ttfrftttJMHJNIlft* 
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&m&&K-f&J% 26nmftito*totoMNLm8L%l% 400 MPa, 
&W##fc&&##4MEliM^ 1-2%. Si*;**, A^#A(^3f!| 
0111 4026.7 ) m M M%& tt* ft #$!) # tb A % 30 nm #J ftfMA ^ 

*tt*A*JM*#r*H) #iJ&IHi^S) 119 MPa, 30%. *P 

5k 425 MPa, fe&#£TBHOb 1.4%. J. R. Weertman #A( X&fc 3: Legros, 
M., Elliott, B.R., Rittner, M.N., Weertman, J.R. & Hemker, K.J., Microsample 
tensile testing of nanocrystalline metals, Philos. Mag. A. 80, 1017-1026( 2000 ) ) 
#j;B#Mtt#Atidflli*# «1 mm) 4k#Hs|-ft#T*5fe535 MPaftJB/RS 

##sus£ (w) 

4lR|#S-T-^f , *A#J&ttff£JM*>H*#Sl 80 nm 
100-500 nm; 

MifTII: 8.93±0.03 g/cm 3 , ^ft^J 99.997±0.02 at%, 

&&&&#"F&#i&$;& 6xl0- 3 /s, ^^L®ft^3t700±10MPa, 
1.8±0.5%; ^^i£#7|t B 1,feX^-^ 300-5000 nm; 

I&i^^ft^^-^^A^^^ft«^7K,PH1 , i^ 0.5-1.5, PBfcifcJB 99.99% 

tt#fc#Mfc. W4a.^*iH4ft* Ni-P $ A&tt4MMte$4gtf.; 

•fe^Xt;#iC: *3+**#ftA 40-100A/cm 2 , 4? 
ntN-NCton)^ 0.01-0.05S, ^fflN-RKw)* l~3s, BBfcPBte&J£# 50-150 
mm, Iti&filitiUfifttk* 30-50: 1, *,^*3fift^ 15-30*0; fefciMM! *. 
^il#^"^,; >t^P^J: 0.02~0.2ml/l 5~25%$&ftft $jfc*K$.jfc, 0.2-1.0 ml/1 
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5~25%«#Jiib£fc NaCl 7K«. 

i^^tfJ^Jf^AA^*^ 80nm^#, 100-500 nm, 

^IWWf#fil«)I?MM. ^aiHj 710 MPa, i£3I&& 

j£ ( 0.9-1. OGPa) 

****** 

£;Sfe#J l 
PH=1. 

W, 99.99%*^**. BB&**iM*# Ni-P 
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2. &^X£#&: *)+«fc*»A*-50A/cm a . JM 1 #itN" 
W (t on ) ^ 0.02s, (W) ^ 2s, |B&FBte#Ue3j 100mm, 

P&Wftlk3> 50: 1; &^7&ft7b20°C, *,^«#^T A. 

*jNM: Wife: 0.1 ml/1 ( 15% &ft#J ); 

ifc£fe NaCl: 0.6 ml/1 ( 15% Sfcftlft NaCl.^C*jft ). 

«4-l)J **feft* ***** Cu H s 0 |iK-t 3/ 20 am, 

lnm=10- 9 m), Cu ##t&$fl ( ^ 0.22 r m , r 1B *##|-tt#J& 

fift) tt$/R.Sft3l 702±5MPa. 

ft^^*f^**W, IWitU*#Cu#*ttttftA 99.998 at%. 





*^** (%) 




(%) 


Bi 


<0.00003 


Sn 


O.0001 


Sb 


0.00005 


Ag 


0.0002 


As 


0.0001 


Co 


0.00003 


Pb 


0.00005 


Zn 


0.00005 


Fe 


0.001 


Ni 


0.00005 



M Archimedes &S$l*#i&&ft3/ 8.93+0.03 g/cm 3 , ^ i!£-f> Hfl^fe 
CuSifefcft (8.96 g/cm 3 ) 6*7 99.7%. X-tfftftlHMbM fe#ftft&#A 
#Cutt¥#ft&Xt^3l 20 nm, #* + tt^Jfc*#1|Ms il** 0. 

Cu #tt&i£-f##>tt3E$ft* (300-5000 
am) &&&fc^&&%%fc^nMfath^&)kM;%1k, *K 

80nm^#, ^-feftA^^J 100-500 nra. #* + AMMt#ftflUK *#$C 

M^iffJ^SfeftJMff. *tf-*£*£te4*#£ (82, 3 0h*). 
&fr]4-(^* H 0 0 1^]^^^ JKJB + *T CUHH . 

6xl0" 3 s- 1 N"> **f«;«****ftfr Cu WJBJ».Sfta ( «^702±5 
Mpa, &#>M 1.8%. 
£*fefcl 2 
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1) 5Nfl*#ttJR&#«*#tftta***Cu 

CuSO***, H&3jPH=0.5; PB 

fc: fe&^&fc-f- 99.99%tt$Mfl#, M*LA*Wft'fr Ni-P ***W4fe«L, 
PH&BH&Wftfck^ 30: 1. 

2) «P#J: 5 0.02 ml/1, 5%JfeA^ift^ NaCl tK* 
&0.2ml/l; &#|X£##C: 80A/cm 2 , #a&*H*] ( ton )3/ 0.05s, 
£HB*EI (W) ^7 3s; WfcfcJE* 50mm, 

Cu#3|4, X-^aM^* B ^f^itXt^ij 19 nm, (lnm=10- 9 m), 
i^^* H e 0 ^Cu#r+^t^^^^5I^ 710 Mpa; fcltfc-^AflMWWM* 
JA***Cu#lM-^*Jif-#3|lliW3E#**«[<ftj*, &ft<fcft*P#£il!i*£' 
tt*EJRfitt*fttf-J£&#. ♦JIJtJitt^JfAft* 20 nm, + 

3 

«L*«HH CuS0 4 **. ;(/PKfc*fe&&**. tftA EH-1.5; BH* PB&: PB 
99.99%tt$lrtHfc, W*A3MH**Ni-P ^AilAMM. 
40: 1. 

2) «P#J: 25% &£ft$&;fc?£& 0.15 ml/i, 25%&& ft H& £fc NaCl 
i^t 1.0ml/l; *,#X£#tfc: $t>+ 40A/cm 2 , #oE0ffi (O # 
0.01s, ^ffiBtW (t off ) ^ Is; PBMJE^J 150mm, ifc*f»A* 25°C; 

#3)4. X-Wft^ftJMfcI«*^*3ftXT|-*A 25 nm, (1 nm=10- 9 m), 
&m&&&Cu$¥r&%^mi*&&% 690 MPa. 

^H*lSiltt**fiJ&##. **«'Jift J F^^^23nm. #ft + ft^ 
tb&fll 1 

#5ial*&&**Mfe4H (ft&K.-**&3j 100 nm) 4t»T*#. 
IJUftPMSA o- uls ^ 200 MPa, JR1H9U& 05, £35 MPa, <5< 60 %. ^ 

fL^ft#ita H B B^^ft^f^5l>^^^m5I^^ l J^r^^IiJ 290MPa 
250MPa, 8%. EJjfe, Xt^#itt B i>#**|iJ 

ttMM£&&*-f-250MPa. 
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5ft # & R. Suryanarayana $ A^'J %\>$,&4tft 

26nm). ## #&Ti£# P a o Rlfe^ 400 MPa. 

th&#] 3 

^|U##^ J. Weertman # A^ It 1<k^#^>&& ( 10" 5 

~10' 6 Pa) Jf^PK^Tlt (Ki7ii^^ 1~5 GPa), -f-^ ft feX^^ 

22-110 nm ft ®#:^^ H e B ^#^, #&ft&£^^ifc&^ft 96%, IL 

5S^^#«I B e 0 ^#r4 : #^A'ti^pij^, ^IMSI^-Ti^ 415Mpa 
-480 MPa, $ ^T^SiJ 300 Mpa-360 MPa. ft #& ft #]^- 

^5'j22nm Ehj-, Mfi^&JjL&J&l&^htfL (360 MPa) , & > 

HHI##^ J. Weertman # A^J^'^'|i^^«fJ^-tB # 
150'CjjPE$M (Sijitf 1.4GPa), ft J£K/t£ 

26nm^®^^Hl.^#^, # P * P ft »^ 3gifc&£ft 99%. &«*ft 
#p d p ( #p d p$MM£&^ 3mm, &#&ft^«^ 200x200|^m) + 

mt%&&*m¥F&&%im^Mmm, 535Mp a . fe*3&fl«&*# 
5 

*fl#Kft&&#4||#flA#*aft* 
^*^^A^ H H 0 ^M^|W1 H9MPa,&#4^ 30%. 

teftJii^ftiMLflttfillJtiiP. JfcJltAtf* 
Eftj!Ul^*EftJ»£#tt&ffl^ 

A, "pjii. 425 MPa, fe&#£TlWU7 1.4%. 
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